INTRODUCTION
There are two quantities which a r e important for understanding the basic physical processes which are responsible for the excitation and subsequent spectral emission from atoms and molecules. These are the intensity (both total as well as the distribution with wavelength) and the polarization.
the atomic scale generally all radiation is polarized whereas on the macro- C a s e 1 AJ = 0 ( J , = J,)
The function Pp (J) is shown in fig. 1 If the excitation is due to solar radiation then the degree of polarization, Pn , observed perpendicular to the solar r a y s is related to that observed in the case of resonance scattering of linearly polarized light, P .
The function P, (J) is shown for the three cases, A J = 0, *l, in fig. 2 . If the nuclear spin produces completely separated hyperfine levels then one can substitute F for J in the preceeding formulas where F = I t J , and I is the nuclear spin.
Just as polarized radiation is due to anistropic excitation of an isotropic medium, s o is unpolarized radiation produced by the isotropic excitation of this medium. Consequently multiple resonance scattering and collisional excitation such as that produced by photoelectrons leads to the production of unpolarized radiation. A l s o for an anisotropic distribution of charged particles the degree of polarization of the resultant radiation is dependent upon the energy of the particles.
7
The polarizations to be expected from the single resonance scattering of solar radiation at 90' to the rays are given in table I for the nitrogen, hydrogen, and oxygen multiplets which have been observed in the day airglow in the far ultraviolet, and those of helium, argon, and carbon which may be important in for the P and R-branches.
INSTRUMENTATION
The far ultraviolet polarization analyzer is shown in fig. 3 . It consists basically of a light baffle, followed by a rotating transmission pile-of-plates polarization analyzer ,* a filter wheel, a photomultiplier , and its associated electronics. The analyzer with the top and rear side removed, and the filter wheel are shown with the instrument.
The analyzer, based on a design by Walker:' consists of eight cleaved plates of LiF which are s e t at an angle of 30° to the transmission axis. In this arrangement the angle of incidence is 60' which is close to the Brewster angle for Lyman alpha. The plates are set in two opposing groups of four each so that there is no net beam displacement. The individual plates range in thickness from 0.010-0.015 inches. They are cleaved in groups of four, and the groups of four are chosen to make the total thickness of the two groups identical. On the average the total thickness of LiF in an eight plate assembly is about 2.5 mm.
The plates are mounted in a holder 4-1/8 X 1 X 1 inches which has a 1/2 inch diameter aperture at both ends. H , = 1 / 2 ( k 1 2 t k 2 2 )
where k, and k 2 are the major and minor principle transmittances.* The transmittance of the analyzer for unpolarized light is given by:
and the degree of linear polarization is given by:
where I max and I min a r e the maximum and minimum of the telemetry signals was about 1%.
The measured transmittance of one of the pair i s indicated by the curve drawn through the crosses while the circles indicate transmittances calculated using eq. (lo). This curve indicates the validity of the assumption of an identical pair. The region of optimum performance of the analyzer can be seen in fig. 7 where k,/k, is plotted against wavelength.
If one makes the very crude assumption that the scattering coefficient for radiation of the blackened baffle is independent of wavelength in the region of 1200-2500A, then relative sensitivity of the instrument to scattered light is shown in fig. 9 . The product of the transmittance of the analyzer, the quantum efficiency of the photomultiplier, and the solar flux* is graphed versus wavelength.
CONCLUSIONS
The measurement of the polarization of resonantly scattered sunlight can provide important information on the processes which are responsible for the excitation of the atoms and molecules which contribute to the airglow. A s one moves up through the atmosphere, the appearance of polarized radiation indicates the region of transition from an optically thick to thin atmosphere. The depolarization due to multiple scattering is an extremely sensitive measure of the optical depth above the instrument. In an optically thin atmosphere, the relative importance of resonance scattering to photoelectron or any other nonpolarizing collisional excitation for the emission source function can be assessed.
One also has information about the population distribution or excitation condition An important advantage of polarization measurements is that one need measure only the ratio of two signals. This is an easy measurement to make compared to the difficulties which one faces in an attempt to make an absolute intensity measurement in the far ultraviolet from rockets of satellites.
The instrumentation which has been described is relatively simple as is the analysis of the data. It should be emphasized that the photometer described produces relatively simple results only if one knows the identity of the emitting species. For this task, the spectrophotometer is best suited. 
